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wherein R is a branched hydrocarbon group of 7 carbon 
atoms, and two or R may be the same as or different 
from each other. Also disclosed are a process for pre- 
paring the solid titanium catalyst component, an olefin 
polymerization catalyst containing said solid titanium 
catalyst component and a process for olefin polymeri- 
zation using the olefin polymerization catalyst. Accord- 
ing to the present invention, the olefin polymer having 
high stereoregularity can be produced in a prominently 
high yield per catalyst unit. 



(57) Disclosed is a solid titanium catalyst compo- 
nent for olefin polymerization comprising magnesium, 
titanium, halogen, and (C) a phthalic diester represent- 
ed by the following structural formula (i): 
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wherein R is a branched hydrocarbon .group of 7 cajon^ ^£ &^^^c£& 
different from each other . Ato -isctoBjd ^^^^^^^ JUJm catalyst component and a 
component, an olefin polymenzat.on cata y st ^'"'"J 1 erization ^(yst. According to the present 

f^°L 0 ^ ™ be pradu ~ d in a prominentiy hl9h y,eld 

per catalyst unit 
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FIELD OF THE INVENTION 

The present invention relates to a solid titanium catalyst component by which an olef in can be polymerized 
with prominently high activity and an olefin polymer of high stereoregularity can be prepared, and also relates 
to a process for preparation of the solid titanium catalyst component, to an olefin polymerizat.on catalyst con- 
taining the solid titanium catalyst component and to a process for olefin polymerization us.ng the olefin poly- 
merization catalyst. 

BACKGROUND OF THE INVENTION 

It is well known that polyolefins such as crystalline polypropylene are prepared using "Ziegler-Natta cat- 
- alysts" comprising compounds of Group IV to Group VI transition metals of the periodic table and organome- 
tallic compounds of Group I to Group III metals of the periodic table. Further, processes to obtain crystalline 
polyolefins of high stereoregularity with high polymerization activity using these catalysts have been earnestly 

studied. ^ Japanese patent Laid _ 0p en Publications No. 209207/1986, No. 104810/1987, No. 
104811/1097, No. 104812/1987, No. 104813/1987, No. 311106/1989, No. 318011/1989 and No. 166104/1990 
describe that' when an olefin is polymerized using a catalyst formed from a titanium-containing solid catalyst 
component which comprises titanium, magnesium, halogen and an electron donor, an organoaium.num com- 
20 pound and an electron donor, high polymerization activity is obtained and polyolef in of high stereoregularity 
can be obtained. 

Also the present applicant has made various researches on the olefin polymerization catalysts and proc- 
esses for olefin polymerization by which crystalline polyolefins of high stereoregularity can be obtained with 
high polymerization activity, and has made a great number of proposals (e.g., Japanese Patent Laid-Open Pub- 
lications No 108385/1975, No. 126590/1975, No. 20297/1976, No. 28189/1976, No. 64586/1976, No. 
92885/1976 No. 136625/1976, No. 87489/1977, No. 100596/1977, No. 147688/1977, No. 104593/1977. No. 
2580/1978 No 40093/1978, No. 40094/1978, No. 43094/1978, No. 135102/1980, No. 135103/1980, No. 
152710/1980 No 811/1981. No. 11908/1981, No. 18606/1981, No. 83006/1983, No. 138705/1983, No. 
138706/1983' No. 138707/183, No. 138708/1983, No. 138709/1983. No. 138710/1983, No. 138715/1983, No. 
138720/1983* No 138721/1983, No. 215408/1983. No. 47210/1984, No. 117508/1984, No. 117509/1984, No. 
207904/1984 No 206410/1984, No. 206408/1984, No. 206407/1984, No. 69815/1986, No. 69821/1986, No. 
69822/1986 No 69823/1986, No. 22806/1988, 95208/1988, No. 199702/1988. No. 199703/1988, No. 
202603/1988 No 202604/1988, No. 223008/1988, No. 223009/1988, No. 264609/1988. No. 87610/1989. No. 
156305/1989*, No. 77407/1990, No. 84404/1990, No. 229807/1990, No. 229806/1990 and No. 229805/1990). 
35 In the production of polyolefins, the productivity can be more enhanced and the production cost can be 

more reduced by the use of olefin polymerization catalysts having higher activity. Further, also from the view- 
points of "environmental problem" such as harmful ness of catalysts and "environmental protection" such as 
recycling of resources, the amounts of catalysts contained in the polyolefins are desired to be as small as pos- 
sible, and consequently it becomes more and more important to increase catalytic activity and to prepare poly- 
40 olefins in high yields per catalyst unit. 

As described above, the olefin polymerization catalyst and the olefin polymerization process, by the use 
of which an olefin can be polymerized with much higher activity and polyolef in of high stereoregularity can be 
prepared, are of industrially great value, and the advent thereof is eagerly desired. 

45 OBJECT OF THE INVENTION 

The present invention has been made in the light of such prior art technique as mentioned above, and it 
is an object of the invention to provide a solid titanium catalyst component for olefin polymerization by which 
an olef in polymer of high stereoregularity can be prepared in a prominently high yield per catalyst unit and to 
so provide a process for preparation of the solid titanium catalyst component, an olefin polymerization catalyst 
containing the solid titanium catalyst component and a process for olefin polymerization using the olefin poly- 
merization catalyst. 
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SUMMARY OF THE INVENTION 

The solid titanium catalyst component according to the invention comprises: 
magnesium, titanium, halogen, and 

(C) a phthalic diester represented by the following structural formula (i): 
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compound in the to the invention comprises: 

The olefin P<*^^ al '™™^£ n ™ m catafyst component, 

r^ro^ 

ill] an eiectron donor. ^ tQ the invention comprises polymerizing an o.ef,n ,n 
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fer ab.y 10 to 28 *^^^^^ t ^3^0 P^erably 0.5 to 8 % by weight, more 

ferably o" 35 lo 75 % by weight, more 

^^trj?^sr^sssv« ***** B " , " b " °- ! - 

3 % by weight. d h t atomic ratio Q f halogen to titanium (halogen/ti- 

ln the solid titanium catalyst component . m d- red tnata magnesium to titanium <magnes.um/t.- 

tanium) is in the range °^ 0 ^^^^ <■*— 

^0^ 

preferably 0.5 to 10 % by weight component exceeds 20 % by weight 

When the amount of the hydrocarbon m 1 ^*J*Z™££^ Mt , particle properties of the catalyst 
agglomeration of the catalyst particles ^^^X^ropertfes mig htbeobtained. Alsointhecasewhere 

^^^^ 

the'amount of a fine powder (fine particle ^^ t ^^SSS«. catalyst component of the invention 
,„ addition to the above-menuoned ^"^ , ^°^ es6 other components may be contained ,n 
may further contain ^^^J^Z^™*** than 40 % by weight, more preferably not more 

amounts of not more than 50 fi> oy weigm, ^ j weiaht 

Tn 30 % by weight particularly ^^rZ^T^^^L. The solid titanium cata.yst conv 
The composition of the catalyst f^^^^nTtten dried at room temperature and 0.1 to 1 Torr 

S^^^^^ ^ meanS °' (at ° miC abSOrPUOn SP6Ctr °" 

(M Magnesium compound 

represented by the following formula: 
« ... „ 1„ Bil^orouD of 1 to 20 carbon atoms, an aryl group or a 

wherein n is a number of 0 S n < 2; R - hydrogen from each other, and X is halogen, 

cycloalky. group; when n is 0. two ^.^^^^^.cllon ability (A-1) include: 

Examples of the ^ 0 ^ ne ^ m ^^ZZ^ 9n e^. diethylmagnesium. dipropylmagnes.um 
dialkylmagnesium compounds. " dide cylmagnesium. octylbutylmagnesmm and 

so dibutylmagnesium, diamylmagnes,um. d.hexylmagnesium. 

6thy,b SSSS, halides. such as ethylmagnesium chlorid. propylmagnesium ch.onde, butylmagne- 
S ' Um C ^:^ eth.butoxymagnesium and oct.butoxy- 

5S magnesium; and ^ ^ butylmagnesiurn hydHde^ 

nX—XTst: aTm^m^rrgnesium bromide, magnesium iodide and mag- 
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nesium fluoride; «„»h«**,maanesium chloride, ethoxy magnesium chloride, isopro- 

id6: aiKoxymagnesiums. such as isopropoxymagnesium. W» 

Also employab.e are magnesium meta. ^^^J^X be compounds derived from the afore- 
The magnesium compounds hav.ng no reducuon ab my A 2) ™£ £ the course of pre . 

mentioned magnesium compounds hav,n ^ d "^"^ZounL having no reduction ability from the mag- 

group or active carbon-to-oxygen bond. maonesium compound having no reduction abil- 

The magnesium «HTHxmnd having reduct^^ boron ber . 

ity may boused - a complex or ™m P os^m^ 

""^S^^ may be used a,one or in combination two or 

n the invention, contact of the magnesium ^^^J^J^^uTK 

Examples of the e.ectron donor (D-1) inCude alcohols, — ^ 

idines and P meta..ic acid esters. More specifically there be ment o ed^ 

a,c ^S^«^ ~- such as < ric ™ hano1 - 

^roisTi 6 to 20 carbon atoms which may have a .ower a, k . gr oup, such as phenol, cresoi. xy- 
,eno,, ethylpheno,. f"**^^^ Ketone, methyl isobuty, Ketone, 



45 diamine; 
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P ° Und \ »„»i™ , he electron donors (r>1) exemplified as the solubH^^^^ 

JToZZSZ^?^^ dLre exempli,ied as (D) ,he e,ec,ron donor other 

preferably 50 to 150 °C. nresence of a hydrocarbon solvent Examples of the 

decane, dodecane, tetradecane and keros.ne, a ^ l ^' c " y °™ halooenated hydrocarbons, such as di- 

nesium chloride and aryloxymagnesium chloride are preferred. 
(B) Titanium compound 

mU ' a: T,(OR)A, 
» wherein R is a hydrocarbon group. X is a halogen atom, and 0 s g S 4. 
Examples of such compounds include: 

SS:^™^^^,, .(On-C.H 9 )CI, T, ( OC,H 5 ,Br, and T1(0- 

iso-C 4 H 9 )Br 3 ; -r-/^^u \ ri -nrnr„H c V»CU TKOn-CJHakCI, and Ti(OC2H 5 )2Br 2 ; 

tetraalkoxytitaniums. such as T,(OCH } )„ 1*P*H*. TKOn-C.H,),. Ti(0-isc-C 4 H 9 ) 4 and Ti(0-2-ethyi- 
<o h6 tf 4 these, preferred are titans tetrahalide, and ^ 

nesium compound (A). 
45 ( C) Phthalic diester 

The phthalic diester (C) used in the invention is represented by the following structural formula (i) : 
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.herein R is a branched E£S£ SSSSSS 

::prr^ 



from each other. 
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"Tin. above examples of the compounds having the formula (I) wherein two of R groups are the same 
aseachotheTaredescrib 

pounds having two different branched alkyl groups in combination may be used. 

The abovimentioned phthalic diesters may be used alone or in combination of two or more kinds 
EVSXn of two or more kinds of the phthaHc diesters. for example, the fo.low.ng m,xture ,s pre- 

ferably used in the invention. 




(R: 3-methylhexyl group = a %. S-methylhexy. group = b %. 2.4-dimethylpenty. group = c %. a ♦ b ♦ c = 100 
%> In the oresent invention it fe enough that the phthalic diester (C) is contained in the finally obtained solid 

ducing the Phthalic diester during the process for preparing the solid titanium cata.yst component. 

(D) Electron donor 

The solid titanium catalyst component of the invention preferably contains an electron donor (D) in addition 
,0 ^J^S^JSr (D) other than the P h,ha.ic diester. there can be employed alcohols. P"™*^ 

these electron donors (D-1). preferred are the a.cohols and metallic acid esters, and parhcularly preferred are 
Tt^T^^t^^ same as In the solubili^on of the magnesium compound 

<A) ' m the present invention it is preferred that electron donors (D-2) as described below are further used as 
the e^ctron donor (oS obtaining a solid titanium catalyst component having a uniform shape and a uniform 

particle size. . 

ate Un™vl acetate i-butyl acetate, octyl acetate, cyclohexyt acetate, methyl chloroacetate. ethyl d^hloroa 

lene glycol dibutyt ether, anisole and diphenyl ether; 

alkoxy group-containing alcohols, such as butyl cellosolve and ethyl ceUooofro. 
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The electron donor (D-2) is used in an amount of usually 0.01 to 1 mol, preferably 0.02 to 0.7 mol, more 
preferably 0.05 to 0.5 mol, based on 1 mol of the magnesium compound (A). 

Preparation of solid titanium catalyst component 

In the preparation of the solid titanium catalyst component, organic or inorganic compounds containing sil- 
icon, phosphorus, aluminum, etc., which are used as carriers or reaction assisting agents, may be used in ad- 
dition to the above compounds. 

Examples of the carriers include resins, such as Al 2 0 3 , Si0 2 , B 2 0 3 , MgO, CaO, Ti0 2 , ZnO, Sn0 2 , BaO, 
ThO and a sty re ne-di vinyl benzene copolymer. Of these, A1 2 0 3 , SiOa and a styrene-divinyl benzene copolymer 
are preferably used. 

There is no specific limitation on the process for preparing the solid titanium catalyst component [I] using 
the above components, but some processes may be mentioned below. 

In the preparation of the solid titanium catalyst component, the hydrocarbon is used at least once in any 
of the steps of the preparation process. As the hydrocarbon, the aforesaid hydrocarbon solvents used for pre- 
paring the magnesium compound (A) in the form of a liquid can be employed. 

In the following processes for preparing the solid titanium catalyst, a step of preparing the magnesium com- 
pound (A) in the form of a liquid is also included. 

In the following processes, further, an organometallic compound fjl] which will be described later is used 
as the organometallic compound. 

(1) A process comprising bringing a magnesium compound (A) in the form of a liquid consisting of a mag- 
nesium compound, the electron donor (D-1 ) and a hydrocarbon solvent into contact with the titanium com- 
pound (B) in the form of a liquid, after or simultaneously with precipitating a solid by bringing the magnesium 
compound (A) into contact with an organometallic compound. 

In this process, the phthalic diester (C) is brought into contact with the contact product at least once. 

(2) A process comprising bringing a contact product of an inorganic carrier and the liquid organomagnesium 
compound (A) into contact with the titanium compound (B) in the form of a liquid and the phthalic diester 
(C). 

In this process, the contact product of the inorganic carrier and the liquid organomagnesium compound 

(A) may be preliminarily brought into contact with a halogen-containing compound and/or an.org a nomeiallic 
compound. 

(3) A process comprising preparing an inorganic or organic carrier on which a magnesium compound is 
supported from a mixture of an inorganic or organic carrier and the magnesium compound (A) in the form 
of a liquid consisting of a magnesium compound, the electron donor (D-1) and if necessary a hydrocarbon 
solvent, and then bringing the inorganic or organic carrier into contact with the titanium compound (B) in 
the form of a liquid. 

In this process, the phthalic diester (C) is brought into contact with the contact product at least once. 

(4) A process comprising bringing a solution containing a magnesium compound, the titanium compound 

(B) in the form of a liquid and if necessary the electron donor (D-1) and/or a hydrocarbon solvent into con- 
tact with an inorganic or organic carrier and the phthalic diester (C). 

(5) A process comprising bringing the organomagnesium compound (A) in the form of a liquid into contact 
with the titanium compound (B) in the form of a liquid, and then bringing the contact product into contact 
with the phthalic diester (C). 

(6) A process comprising bringing the organomagnesium compound (A) in the form of a liquid into contact 
with a halogen-containing compound, and then bringing the contact product into contact with the titanium 
compound (B) in the form of a liquid. 

In this process, the phthalic diester (C) is used at least once. 

(7) A process comprising bringing the alkoxy group-containing magnesium compound into contact with the 
titanium compound (B) in the form of a liquid and the phthalic diester (C). 

(8) A process comprising bringing a hydrocarbon solution of a complex (magnesium compound (A) in the 
form of a liquid) consisting of an alkoxy group-containing magnesium compound and the electron donor 
(D-1) into contact with the titanium compound (B) in the form of a liquid and the phthalic diester (C). 

(9) A process comprising bringing a liquid complex (magnesium compound (A) in the form of a liquid) con- 
sisting of an alkoxy group-containing magnesium compound and the electron donor (D-1) into contact with 
an organometallic compound, and then bringing the contact product into contact with the titanium com- 
pound (B) in the form of a liquid. 

In this process, the phthalic diester (C) is brought into contact with the contact product at least once. 

(10) A process comprising bringing the magnesium compound (A) having no reduction ability in the form 

8 
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of the phthalic diester (C). contact with the contact product at least once. 

.n'thfc process, the ^ 
(111 Aprocess comprising bringing a reanmp™ 

tact with the titanium compound <B) in the °^^ d btained by any of the processes (1) to (10) into 
^^^^ 

^The^^ 
at a temperature of usuaiiy -70 to 20C ''^f^ 

Specifically, in the processes (1 3) and (14) he coma* « temperature, then at the graduaUy 

mol. based on 1 mol of the magnesium ^""f - obtained above contains titanium, magnesium, ha- 

below in more detail . mmoound (A) is brought into contact with the alcohols (D-1 ) 

Firstly the halogen-containing magnes.um compound a, is or y solution (a mag- 

"* KSTi. a-coho, is used ^-^^2^?^ K^^^ ^ 

^ry^mTbTe^^ 

-'^rrm^m^^ 

a homogeneous magnesium-electrondonor (D-2) ^ ut '^ q{ usua „ 0 . 01 to ,.o mo., preferably 0.02 to 
in this step, the eiectron donor (D-2) ,s ^used Qf components is carried out at a temper- 
0.7 mo., based on 1 mol of the ^P*^ 240 minutes, preferably 10 to 120 minutes, 
ature of -20 to 300 «C, preferably 20 to 200 'C, for 5 t 240 ™u ^ ^ wim ^ wa . 

Then, the above-prepared magnesium-electron donor (U > ^ ' mixed so | uti on. 

ni um compound (B) in the form of ^» ^ VSS^S-y 2 to 100 g atom, preferabiy 4 to 50 
In this step, the titanium compound (B) is usea in an <* 
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l ° 9 Wher, the contact is carried out at a temperature within the above range ^'^^^^ 

out for 5 to 300 minutes, preferably 30 to 180 minutes. 
Olefin polymerization catalyst 

The olef in polymerization catalyst according to the invention comprises: 

[I] the above-mentioned solid titanium catalyst component, 

[II] an organometallic compound catalyst component and 

[III] an electron donor. 

[II] Organometallic compound cata lyst component 

Thfl Ams , nometa ||ic compound catalyst component used in the invention is preferably an organometallic 

lowing formula: Ra^x 

butyl pentyl. hexyl, octyl. cyclopentyl. cyclohexyl, phenyl and tolyl. 
num. trioctylaluminum and tri-2-ethythexylaluminurn; 

''S^m'h^ hydrid6 "Va-uminum h, drid e ; 

A.s?C~ as the organoa.uminum compound I. a compound represented by the follow.ng formu.a. 

RanAIY^n 

methyl, ethyl or the like. 

, ^'co^ e. g .. Et^OSiMe,,, (iso-Bu^OSiMe,) and (iso-Bu,^- 

and (iso-Bu) 2 AIN(Me 3 Si)2; „ v . 

OW..M. nfegw » «»»«»«. »■ «-«*. m .moan* I» 
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which two or more aluminum atoms are linked through an oxygen atom or a nitrogen atom can be employed. 
Particular examples of such compounds include (CjHgJaAIOAltCjHsh. (C 4 H 9 )2AIOAI(C 4 H 9 ) 2 and 
(C 2 H 5 )2AIN(C 2 H 6 )AI(C 2 H 5 ) 2 . 

Moreover, aluminoxane such as methylaiuminoxane can be also employed. 

Of the organoaluminum compounds mentioned above, preferred are organoaluminum compounds repre- 
sented by the formulas RVU, RVM(OR b )3- „ and R^AKpAlR^Kn- 

The alkyl complex compound of Group I metal and aluminum is, for example, a compound represented by 
the following formula: 

M 1 AIRi 4 

wherein M 1 is Li, Na or K, and Ri is a hydrocarbon group of 1 to 15 carbon atoms. 
Particular examples of such compounds include LiAI(C 2 H 5 ) 4 and LiAl(C 7 H 15 ) 4 . 

The organometallic compound of Group II metal is, for example, a compound represented by the following 
formula: 

R*R 1 M2 

wherein R k and R 1 are each a hydrocarbon group of 1 to 15 carbon atoms or halogen, R k and R 1 may be the 
same as or different from each other with the exception that both of them are halogens, and M 2 is Mg, Zn or 
Cd. 

Particular examples of such compounds include diethylzinc, diethyl magnesium, butylethylmagnesium, 
ethyl magnesium chloride and butylmagnesium chloride. 

The compounds mentioned above may be used alone or in combination of two or more kinds. 

[Ml] Electron donor 

As the electron donor [III] used for forming the olefin polymerization catalyst, the aforesaid electron donor 
(D) can be employed in the invention. Also employable is an organosilicon compound represented by the fol- 
lowing formula: 

RnSKORVn 

wherein R and R' are each a hydrocarbon group, and 0 < n < 4. 

Examples of the organosilicon compounds represented by the above formula include: 
trimethylmethoxysilane, trimethylethoxysitane, dimethyldimethoxysilane, dimethyldiethoxysilane, dii- 
sopropyldimethoxysilane, t-butylmethyldimethoxysilane, t-butyl methyl diethoxysilane. t-amylmethyidiethoxy- 
silane, diphenyldimethoxysilane, phenylmethyldimethoxysilane, diphenyldiethoxysilane, bis-o-tolyldimethox- 
ysilane, bis-m-tolyldimethoxysilane, bis-p-tolyldimethoxysilane, bis-p-tolyl diethoxysilane, biset hyl phenyl d i- 
methoxysilane, dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane, cyclohexy (methyl diethoxysi- 
lane, ethyltrimethoxysilane, ethyl triethoxysi lane, vinyltrimethoxysilane, methyltrimethoxysilane, n-propyltrie- 
thoxysilane, decyltrimethoxysilane. decyltriethoxysilane, phenyttrimethoxysilane, y -chloropropyltrimethoxysi- 
lane, methyltriethoxysilane, ethyltriethoxysilane, vinyltriethoxysilane, t-butyltriethoxysilane, n-butyltriethoxy- 
silane, iso- butyl triethoxysi lane, phenyitriethoxysilane, Y-aminopropyitriethoxysilane, chlorotriethoxysilane, 
ethyltriisopropoxysilane, vinyltributoxysilane, cyclohexyltrimethoxysilane, cydohexyl triethoxysi lane, 2-nor- 
bornanetrimethoxysilane, 2-norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane, ethyl silicate, 
butyl silicate, trimethylphenoxysilane, methyltriallyloxysilane, vinyltris(p-methoxyethoxysilane), vinyltriace- 
toxysilane and dimethyltetraethoxydisiloxane; 

cyclopentyltrimethoxysilane, 2-methylcyciopentyltrimethoxysilane, 2,3-dimethylcydopentyltrimethox- 
ysilane and cyclopentyltriethoxysilane; 

dicyclopentyldimethoxysilane, bis(2-methylcydopentyl)dimethoxysilane, bis(2,3-dimethy1cydopen- 
tyl)dimethoxysilane and dicydopentyt diethoxysilane; and 

tricyclopentylmethoxysilane, tricyclopentylethoxysilane, dicy do pent yl methyl met ho xysi lane, dicydo- 
pentylethylmethoxysilane, hexenyltrimethoxysilane, dicyclopentylmethytethoxysilane, cydopent yl dim ethyl - 
methoxysilane, cydopentyldiethylmethoxysilane and cydopentyldimethylethoxysilane. 

Of these, preferably used are ethyltriethoxysilane, n-propyltriethoxysilane, t-butyltriethoxysilane, vinyltrie- 
thoxysilane, phenyitriethoxysilane. vinyltributoxysilane, diphenyldimethoxysilane, phenylmethytdi methoxysi- 
lane, bis-p-tolyldimethoxysilane, p-tolylmethyldimethoxysilane, dicyclohexyldimethoxysilane, cyclohexylme- 
thyldimethoxysilane, 2-norbornanetriethoxysilane. 2-norbornanemethytdimethoxysilane, phenyitriethoxysi- 
lane, dicyclopentyldimethoxysilane, hexenyltrimethoxysilane, cydopentyltriethoxysilane, tricyclopentylme- 
thoxysilane and cydopentyldimethylmethoxysilane. 

In the invention, a compound having two or more ether linkages present through plural atoms (hereinafter 
sometimes referred to as "poly ether*) can be also employed as the electron donor [III]. 

The polyether is, for example, a compound which has two or more atoms selected from carbon, silicon, 
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oxygen nitrogen, phosphorus, boron and sulfur as the atoms present between the ether linkages. Of such com- 
pounds', preferred are compounds in which relatively bulky substituents are bonded to the atoms present be- 
tween the ether linkages and the atoms present between the two or more ether linkages include plural carbon 
atoms. 

For example, preferred is a polyether represented by the following formula: 



R 



22 



R 



R 



2n 



R 



24 
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O- C— R 
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23 
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wherein n is an integer of 2 £ n =S 10, R' to R» are each a substttuent having at least one element selected 
from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon, an arbitrary com- 
bination of R' to R 26 , preferably R 1 to R 2 ", may form a ring other than a benzene ring in cooperation, and the 
main chain may contain an atom other than carbon. 

Listed below are examples of the polyether compounds. 
2-(2-Ethythexyl)-1,3-dimethoxypropane. 
2-lsopropyl-1,3-dimethoxypropane, 
2-Butyl-1 ,3-dimethoxypropane, 
2-s-ButyM ,3-dimethoxypropane, 
2-Cyclohexyl-1,3-dimethoxypropane, 
2-Phenyl-1 ,3-dimethoxypropane, 
2-Cumyt-1 ,3-dimethoxypropane, 
2-(2-Phenylethyl)-1 ,3-dimethoxypropane, 
2-(2-Cyclohexylethyl)- 1 ,3-dimethoxypropane. 
2-(p-Chlorophenyl)-1 ,3-dimethoxypropane, 
2-(Diphenylmethyl)-1,3-dimethoxypropane, 
2-(1-Naphthyl)-1,3-dimethoxypropane, 
2-(2-Fluorophenyl)-1,3-dimethoxypropane, 
2-(1-Decahydronaphthyi>-1,3-dimethoxypropane, 
2-(p-t-Butylphenyl)-1 ,3-dimethoxypropane, 
2,2-Dicydohexy1-1,3-dimethoxypropane, 
2,2-DiethyM ,3-dimethoxypropane. 
2 ,2-Dipropyl-1 ,3-dimethoxypropane, 
2,2-Dibutyl-1 ,3-dimethoxy propane, 
2-Methyl-2-propyM ,3-dimethoxypropane, 
2-Methyl-2-benzyl-1,3-dimethoxypropane, 
2-Methyl-2-ethy1-1,3-dirnethoxypropane, 
2-Methyl-2-isopropyl-1 ,3-dimethoxypropane, 
2-Methyl-2- phenyl- 1 ,3-dimethoxypropane, 
2-Methyl-2-cyclohexyl-1,3-dimethoxypropane, 
2,2-Bis(p-chlorophenyi)-1,3-dimethoxypropane, 
2,2-Bis(2-cyclohexylethyl)-1,3-dimethoxypropane, 
2-Methyl-2-isobutyl-1 ,3-dimethoxypropane, 
2-Methyl-2-(2-ethylhexyt)-1.3-dimethoxypropane, 
2,2-Diisobutyl-1.3-dimethoxypropane. 
2,2-DiphenyM ,3-dimethoxypropane, 
2,2-Dibenzyt-1 ,3-dimethoxypropane, 
2. 2-Bis(cyclohexytmethy1)-1, 3-d imethoxy propane, 
2.2-Diisobutyl-1,3-diethoxypropane, 
2,2-Diisobutyl-1,3-dibutoxypropane, 
2-lsobutyl-2-isopropyl-1 ,3-dimethoxypropane, 
2,2-Di-s-butyl-1,3-dimethoxypropane, 
2.2-Di-t-buty1-1,3-dimethoxypropane, 
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2.2- Dineopentyl-1,3-dimethoxypropane, 
2-lsopropyl-2-isopentyl-1,3-dimethoxypropane. 
2-Pheny1-2-benzyl-1,3-dimethoxypropane, 

2- Cyclohexyl-2-cyclohexylmethyi-1.3-dimethoxypropane, 

2.3- DiphenyM ,4-diethoxybutane, 
2.3-Dicydohexyt-1 ,4-diethoxybutane, 

2. 2- Di benzyl- 1 ,4-diethoxybutane, 

2.3- Dicyclohexyl-1 ,4-diethoxybutane, 
2 ,3-Diisopropyi-1.4-diethoxy butane, 

2.2- Bis(p-methyiphenyl)-1,4-dimethoxybutane, 

2.3- Bis(p-chlorophenyl)-1,4-dimethoxybutane, 

2.3- Bis(p-fluorophenyi)-1 ,4-dimethoxy butane, 

2.4- Diphenyl-1 ,5-dimethoxypentane, 

2.5- Diphenyl-1 ,5-dimethoxyhexane, 
2,4-Diisopropyl-1,5-dimethoxypentane, 
2,4-Diisobutyl- 1 ,5-dimethoxypentane, 
2,4-DiisoamyM ,5-dimethoxypentane, 

3- Methoxymethyitetrahydrofuran, 
3-Methoxymethyldioxane, 

1 ,2-Diisobutoxypropane, 

1 .2- Diisobutoxyethane, 

1 .3- Diisoamyloxyethane, 
1,3-DHsoamyloxypropane, 

1 ,3-Diisoneopentyloxyethane, 

1 ,3-Dineopentyloxypropane, 

2,2-Tetramethy1ene-1,3-dimethoxypropane, 

2,2-Pentamethylene-1,3-dimethoxypropane, 

2,2-Hexamethylene-1,3-dimethoxypropane, 

1 .2- Bis(methoxymethyi)cydohexane, 
2,8-Dioxaspiro[5,5]undecane, 
3,7-Dioxabicyclo[3,3,1]nonane, 
3,7-Dioxabicyclo[3,3,0]octane, 

3.3- DiisobutyM ,5-oxononane, 
6,6-Diisobutyloxyheptane, 

1 ,1 -Dimethoxymethylcyclopentane, 

1,1-Bis(dimethoxymethyl)cydohexane, 

1,1-Bis(methoxymethyl)bicydo[2,2,1]heptane. 

1 .1 - Dimethoxymethylcyclopentane, 
2-Methyt-2-methoxymethyM,3-dimethoxypropane, 
2-Cyclohexyl-2-ethoxymethy1-1,3-diethoxypropane, 
2-Cyclohexyt-2-methoxymethyl-1,3-dimethoxypropane, 

2.2- Diisobutyl-1,3-dimethoxycyclohexane, 
2-lsopropyl-2-isoamyl-1.3-dimethoxycyclohexane, 
2-Cydohexyl-2-methoxymethyM,3-dimethoxycydohexane, 
2-lsopropyl-2-methoxymethyf-1,3-dimethoxycydohexane, 
2-lsobutyl-2-methoxymethyl-1,3-dimethoxycydohexane, 
2-Cyclohexyl-2-ethoxymethyi-1,3-diethoxycydohexane, 
2-Cyclohexyl-2-ethoxymethyi-1,3-dimethoxycydohexane, 
2-lsopropyl-2-ethoxymethyl-1,3-diethoxycydohexane, 
2-lsopropyl-2-ethoxymethyM,3-dimethoxycydohexane, 
2-lsobutyl-2-ethoxymethyl-1.3-diethoxycyclohexane, 
2-lsobutyl-2-ethoxymethyl-1.3-dimethoxycydohexane, 
Tris(p-methoxyphenyl)phosphine. 
Methylphenylbis(methoxymethy1)silane, 
Diphenytbis(methoxymethyl)silane, 

Methyl cydohexy1bis(methoxyniethyl)silane, 
Di-t-butylbis(methoxymethyi)silane, 
Cydohexyl-t-butylbis(methoxymethyl)silane, and 
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i-Propyl-t-butyibis(methoxyrnethyl)silane. 
Of these preferred are 2.2-diisobutyl-1,3-dimethoxypropane, 2-isopropyl-2-isobutyl-1,3-dimethoxypro- 
pane, 2-isopropyi-2-isopentyl-1,3-dimethoxypropane, 2.2-dicydohexyl-1,3-dimethoxypropane and 2,2-bis(cy- 
clohexylmethyl)-1,3-dimethoxypropane. 
5 Also employable as the electron donor [III] are: 

nitrogen-containing electron donors, such as 2,6-substituted piperidines. 2.5-substituted pipendines, 
substituted methylenediamines (e.g.. N.N.N'.N'-tetramethylmethylenediamine and N,N,N\N'-tetraethy1methy- 
lenediamine) and substituted imidazolidines (e.g., 1,3-dibenzylimidazolidine and 1,3-dibenzyt-2-phenyi.mida- 

10 Z ° ' ,n phosphorus-containing electron donors, such as phosphites (e.g.. triethyl phosphite, tri-n-propyl phos- 
phite, triisopropyl phosphite, tri-n-butyl phosphite, triisobutyl phosphite, diethyl-n- butyl phosphite and d.ethyl- 
phenyi phosphite); and 

oxygen-containing electron donors, such as 2,6-substituted tetrahydropyrans and 2,5-substituted tet- 
rahydropyrans. 

is The electron donors [III] mentioned above may be used alone or in combination of two or more kinds. 

Prepolymerized catalyst 

The olefin polymerization catalyst of the invention may be prepolymerized. The prepolymerized catalyst 
20 can be obtained by pre(co) polymerizing olefins, polyenes, etc. in the presence of the solid titanium catalyst 
component [I}, the organometallic compound catalyst component [II] and if necessary the electron donor [III]. 

In the invention, there is no specific limitation on the process for prepolymerization. For example, the pre- 
polymerization can be carried out in the presence of an inert solvent described later. In this case, it is preferred 
to add olefins and the catalyst components to the inert solvent and to conduct the prepolymerization under 
25 mild conditions. The prepolymerization may be carried out under such conditions that the resulting prepolymer 
is dissolved in the polymerization medium, or may be carried out under such conditions that the result.ng pre- 
polymer is not dissolved therein. Preferably, the prepolymerization is carried out under such conditions that 
the resulting prepolymer is not dissolved in the polymerization medium. 

Examples of the olefins used in the prepolymerization include a-olef ins of 2 or more carbon atoms, for 
30 example, ethylene, propylene. 1-butene. 1-pentene, 1-hexene, 3-methyM-butene, 3-methyM-pentene, 3- 
ethyt-1-pentene,4-methyM-pentene, 4,4-di methyl- 1-pentene, 4-methyl- 1-hexene, 4,4-dimethyl-1-hexene,4- 
ethyl-1-hexene. 3-ethyl-1-hexene, 1-octene, 1-decene. 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octade- 
cene and 1-eicosene. These olefins may be used alone or in combination of two or more kinds. 

The a-olef ins used in the prepolymerization may be the same as or different from a-olef ins used in the 
35 polymerization described later. 

Examples of the polyene compounds include: 

aliphatic polyene compounds, such as 4-methyM ,4-hexadiene, 5-methyM ,4-hexadiene, 6-methyl-1 ,6- 
octadiene. 7-methyl-1 ,6-octadiene, 6-ethyl-1 ,6-octadiene, 6-propyM ,6-octadiene. 6-butyl-1.6-octad.ene. 6- 
methyi-1 6-nonadiene, 7-methyM ,6-nonadiene, 6-ethy1-1.6-nonadiene, 7-ethyl-1.6-nonadiene, 6-methy1-1 ,6- 
40 decadiene. 7-methyt-1.6-decadiene and 6-methyl-1.6-undecadiene. 1 ,4-hexadiene, 1,5-hexadiene. 1,6-hep- 
tadiene, 1 ,6-octadiene. 1 ,7-octadiene. 1,8-nonadiene. 1 ,9-decadiene, 1.13-tetradecadiene, 1,5,9-decatr.ene. 
butadiene and isoprene; 

alicyclic polyene compounds, such as vinylcyctohexane, vinylnorbornene. ethyhdenenorbornene. dicy- 
ctopentadiene, cyclooctadiene and 2.5-norbornadiene. 1 ,4-divinylcyclohexane. 1 ,3-divinylcyclohexane, 1,3- 
45 divinylcyclopentane. 1 ,5-divinytcydooctane. 1-ally!-4-vinytcyclohexane. 1,4-diallylcyclohexane, 1-allyl-5-v.nyl- 
cyclooctane, 1,5-diallylcyclooctane. 1-allyl-4-isopropenytcyclohexane. 1-isopropenyl-4-vinyicyclohexane and 
1 -isopropenyl-3-vinylcyclopentane; and 

aromatic polyene compounds, such as divinylbenzene and vinylisopropenytbenzene. 
Also employable are: 

so aromatic vinyl compounds, such as styrene, substituted styrenes, allylbenzene. substituted allyben- 

zenes, vinyinaphthalenes, substituted vinylnaphthalenes, allylnaphthaienes and substituted allylnaphtha- 
lenes* 

' alicyclic vinyl compounds, such as vinylcyclopentane. substituted vinylcyclopentanes, vinylcyclohex- 
ane substituted vinylcyclohexanes, vinylcycloheptane, substituted vinylcyclcoheptanes and allylnorbornane; 
55 ' cycloolef ins. such as cyclopentene, cycloheptene, norbornene. 5-methyl-2-norbornene, tetracyclodo- 

decene and 2-methy1-1.4.5.8-dimethano-1,2,3,4.4a.5.8,8a-octahydronaphthalene; and 

unsaturated silane compounds, such as allyitrimethylsilane, allyltriethylsilane, 4-tnmethylsily1-1-bu- 
tene, 6-trimethylsily1-1-hexene. 8-t ri met hyls i I yt- 1-octene and 10-trimethylsilyt-1-decene. 
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Of these, preferably used are ethylene, propylene, 1-butene, 1-eicosene, 3-methy1-1-butene, 3-methy1-1- 
pentene, 4-methyM-pentene, vinylcyclohexane, dimethylstyrene, allyltrimethylsilane and altylnaphthalene. 

Examples of the inert solvents include aliphatic hydrocarbons, such as propane, butane, pentane, hexane, 
haptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, such as cyciopentane, cyclohexane 
5 and methyl cyciopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; and halogenated hy- 
drocarbons, such as ethylene chloride and chlorobenzene. These solvents may be used alone or in combin- 
ation. 

Of the above inert solvents, particularly preferred are aliphatic hydrocarbons. 

In the invention, the prepolymerization may be carried out under such conditions that the olefins or poly- 
10 enes become liquid, or may be carried out under gas phase conditions. 

The prepolymerization can be conducted either batchwise, semicontinuously or continuously. 
The catalyst concentration in the prepolymerization system may be higher than the catalyst concentration 
in the polymerization system. 

Concentrations of the catalyst components in the prepolymerization vary depending upon the catalyst 
is components used, but the concentration of the solid titanium catalyst component [I] is desired to be in the range 
of usually about 0.001 to 5,000 mmol, preferably about 0.01 to 1,000 mmol, particularly preferably 0.1 to 500 
mmol, based on 1 liter of the polymerization volume. 

The organometallic compound catalyst component [II] is desirably used in such an amount that a 
pre(co) polymer is produced in an amount of 0.01 to 2,000 g, preferably 0.03 to 1,000 g. more preferably 0.05 
20 to 200 g, based on 1 g of the solid titanium catalyst component [I]. That is, the organometallic compound catalyst 
component pi] is used in an amount of usually about 0.1 to 1,000 mol, preferably about 0.5 to 500 mol, partic- 
ularly preferably 1 to 100 mol, based on 1 mol of titanium in the solid titanium catalyst component. 

In the prepolymerization, the electron donor [III] can be used, if necessary, in an amount of 0.01 to 50 mol, 
preferably 0.05 to 30 mol, more preferably 0.1 to 10 mol, based on 1 mol of the titanium atom in the solid titanium 
25 catalyst component [I]. 

The prepolymerization is desirably conducted at a temperature of usually about -20 to +100 °C, preferably 
about -20 to +80 °C, more preferably about -10 to 40 °C. 

In the prepolymerization, a molecular weight regulator such as hydrogen can be used. 
When the pre polymerized catalyst obtained as above is in the form of a suspension, this pre polymerized 
30 catalyst in the form of a suspension may be used as it is in the subsequent polymerization, or the prepolymer- 
ized catalyst may be used after separated from the suspension. 

The pre polymerized catalyst obtained as above generally forms an olefin polymerization catalyst together 
with the organometallic compound catalyst component [II] and the electron donor [III], but the pre polymerized 
catalyst can be used alone as the olefin polymerization catalyst. 
35 The olefin polymerization catalyst of the invention may further contain other components useful for the 

olefin polymerization than the above-described components. 

Process for olefin polymerization 

40 In the process for olefin polymerization (main polymerization) according to the invention, an olefin is poly- 

merized or copolymerized in the presence of the olefin polymerization catalyst comprising the solid titanium 
catalyst component [I], the organometallic compound catalyst component [II] and the electron donor [III] or in 
the presence of the olefin polymerization catalyst further containing a prepolymerized catalyst. 

Examples of the olefins used herein include the same a-olefins of two or more carbon atoms, polyene com- 

45 pounds, vinyl compounds and unsaturated compounds as used in the prepolymerization. They are used alone 
or in combination. 

Of these, preferably used are ethylene, propylene, 1-butene, 3-methyl-1-butene, 3-methyl-1-pentene, 4- 
methyl-1-pentene, vinylcyclohexane, dimethylstyrene, allyltrimethylsilane and allylnaphthalene. 

The polymerization can be carried out by any of a liquid phase polymerization process such as solution 
so polymerization process or suspension polymerization process and a gas phase polymerization process. 

When the polymerization is carried out by a slurry polymerization process, the aforesaid inert organic sol- 
vent can be used as a reaction solvent, or an olefin which is liquid at the reaction temperature can be used as 
a reaction solvent. 

In the process for olefin polymerization according to the invention, the solid titanium catalyst component 
55 [I] or the prepolymerized catalyst is desirably used in an amount of usually about 0.001 to 1 00 mmol, preferably 
about 0.005 to 20 mmol, in terms of the titanium atom, based on 1 liter of the polymerization volume. The or- 
ganometallic compound catalyst component [II] is desirably used in such an amount that the amount of the 
metal atom in the catalyst component [111 is in the range of usually about 1 to 2,000 mol. preferably about 2 to 



15 



EP 0 633 175 A2 



500 mol, based on 1 mol of the titanium atom in the solid titanium catalyst component [I] in the polymerization 
system. 

The electron donor [III] is desirably used in an amount of usually about 0.001 to 10 mol, preferably 0.01 to 
5 mol, based on 1 mol of the metal atom in the organometallic compound catalyst component [II]. 

If hydrogen is used in the polymerization, the molecular weight of the resulting polymer can be regulated, 
and a polymer having a high melt flow rate can be obtained. 

In the process of the invention, the polymerization conditions vary depending on the olefin used, but gen- 
erally the polymerization is carried out under the following conditions. 

That is, the polymerization is carried out at a temperature of usually about 20 to 300 °C, preferably about 
50 to 150 °C, under a pressure of atmospheric pressure to 100 kg/cm 2 , preferably about 2 to 50 kg/cm 2 . 

In the process of the invention, the polymerization can be conducted either batchwise, semicontinuously 
or continuously. Further, the polymerization can be conducted in two or more stages having different reaction 
conditions. 

In the polymerization, an olefin homopolymer may be prepared, or a random copolymer or a block copo- 
lymer may be prepared from two or more kinds of olefins. 

When the process for olefin polymerization is carried out using the olefin polymerization catalyst as de- 
scribed above, an olefin polymer having high stereo regularity can be obtained with prominently high polymer- 
ization activity. 

The olefin polymer prepared by the process of the invention desirably has a melt flow rate (MFR), measured 
in accordance with ASTM D1238E, of not more than 5.000 g/10 min, preferably 0.01 to 3,000 g/10 min, more 
preferably 0.02 to 2,000 g/10 min, particularly preferably 0.05 to 1,000 g/10 min. 

The olefin polymer desirably has an intrinsic viscosity [n.], as measured in decalin at 135 °C, of 0.05 to 20 
dl/g, preferably 0.1 to 15 dl/g, particularly preferably 0.2 to 13 dl/g. 

The olefin polymer obtained by the process of the invention may further contain various additives such as 
heat stabilizer, weathering stabilizer, antistatic agent, anti-blocking agent, lubricant, nucleating agent, pigment, 
dye and inorganic or organic filler, if necessary. 

EFFECT OF THE INVENTION 

According to the invention, there is provided a solid titanium catalyst component for olefin polymerization 
by which an olefin polymer having high stereoregularity can be prepared in a prominently high yield per catalyst 
unit Also provided are a process for preparing said solid titanium catalyst, an olefin polymerization catalyst 
containing said solid titanium catalyst component and a process for olefin polymerization using said olefin poly- 
merization catalyst 

EXAMPLE 

The present invention will be further described with reference to the following examples, but it should be 
construed that the invention is in no way limited to those examples. 

In the following examples, the total polymer (II (t-l.l.)) was calculated in accordance with the following equa- 
tion. 

w . tJ , , , . Boiling h eptane extraction residue (%) 
Yield of powdered polymer (g) x a — K r== 

. . . . iyy x 1 00 

~ Yield of powdered polymer(g) + Yield of polymerization- solvent soluble polymer(g) 

Example 1 

[Preparation of solid titanium catalyst component (A)] 

A homogeneous solution was prepared by reacting 95.2 g of anhydrous magnesium chloride with 442 ml 
of decane and 390.6 g of 2-ethylhexyl alcohol under heating at 130 °C for 3 hours. To the solution, 22.2 g of 
phthalic anhydride was added, and they were stirred at 1 30 °C for 1 hour to dissolve phthalic anhydride in the 
solution. 

The homogeneous solution thus obtained was cooled to room temperature. Then, 57 ml of the solution 
was dropwise added to 1 50 ml of titanium tetrachloride kept at -20 °C. over a period of 1 hour. After the addition 
was completed, the temperature of the resulting mixture was elevated to 100 °C over a period of 4 hours. When 
the temperature reached 100 °C, 6.2 ml of diheptyl phthalate having the following structure was added, fol- 
lowed by stirring at the same temperature for 2 hours. 
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COOR 
COOR 



5 

(R: 3-methylhexyl group = 63 %, 5-methylhexyl group = 30 %, 2,4-dimethylpentyl group = 7 %) 

After the 2-hour reaction was completed, a solid portion was recovered by hot filtration. The solid portion 
was resuspended in 200 ml of titanium tetrachloride, and the reaction was further conducted under heating at 
- 100 °C for 2 hours. 

10 After the reaction was completed, a solid portion was recovered again by hot filtration. The solid portion 

was washed with decane of 100 °C, and then further washed sufficiently with hexane at room temperature 
until any titanium compound liberated in the solution was not detected. The solid titanium catalyst component 
(A) prepared through the above operation was stored in the form of a decane slurry, and a part of it was dried 
for the purpose of examining composition thereof. 

15 In the solid titanium catalyst component (A) thus obtained, 2.1 % by weight of titanium, 58 % by weight of 

chlorine, 19 % by weight of magnesium, 11.8 % by weight of diheptyl phthalate, 8.9 % by weight of decane 
and 0.2 % by weight of 2-ethythexanoJ (2-ethyihexyi group) were contained. 

[Polymerization] 

20 

To a 2-liter autoclave was introduced 750 ml of purified n-hexane, and were further introduced 0.75 mmol 
of triethylaluminum, 0.075 mmol of cydohexylmethyldimethoxysilane (CMMS) and 0.0075 mmol (in terms of 
Ti atom) of the solid titanium catalyst component (A) at 40 °C in a propylene atmosphere. 

To the autoclave was furthermore added 200 ml of hydrogen at 60 °C. Then, the temperature of the system 
25 was elevated to 70 °C and kept at the same temperature for 2 hours to perform polymerization of propylene. 
The pressure was kept at 7 kg/cm^G during the polymerization. 

After the polymerization was completed, the resulting slurry containing a solid produced was filtered to 
separate the slurry into a white powder and a liquid portion. 

The yield of the white powdery polymer after drying was 257.2 g, and the boiling heptane extraction residue 
30 (II) was 97.60 %. This polymer had MFR of 4.5 g/10 min, an apparent bulk specific gravity of 0.44 g/ml and a 
melting point, as measured by DSC, of 160.7 °C. Separately, the liquid portion was concentrated to obtain 1 .6 
g of a solvent-soluble polymer. Accordingly, the activity was 34 .500 g-PP/mmol-Ti and 15,100 g-PP/g-Cat, and 
II (M.I.) in the whole polymer was 97.0 %. 

The results are set forth in Table 1 . 

35 

Example 2 

[Preparation of solid titanium catalyst component (B)] 

40 A homogeneous solution was prepared by reacting 95.2 g of anhydrous magnesium chloride with 442 ml 

of decane and 390.6 g of 2-ethylhexyLalcohol under heating at 130 °C for 3 hours. To the solution, 22.2 g of 
phthalic anhydride was added, and they were stirred at 130 °C for 1 hour to dissolve phthalic anhydride in the 
solution. 

The homogeneous solution thus obtained was cooled to room temperature. Then, 57 ml of the solution 
45 was dropwise added to 1 50 ml of titanium tetrachloride kept at -20 °C, over a period of 1 hour. After the addition 
was completed, the temperature of the resulting mixture was elevated to 90 °C over a period of 4 hours. When 
the temperature reached 90 °C, 6.2 ml of the same diheptyl phthalate as used in Example 1 was added, fol- 
lowed by stirring at the same temperature for 2 hours. After the 2-hour reaction was completed, a solid portion 
was recovered by hot filtration. The solid portion was resuspended in 200 ml of titanium tetrachloride, and the 
so reaction was further conducted under heating at 90 °C for 2 hours. 

After the reaction was completed, a solid portion was recovered again by hot filtration. The solid portion 
was washed with decane of 90 'C, and then further washed sufficiently with hexane at room temperature until 
any titanium compound liberated in the solution was not detected. 

The solid titanium catalyst component (B) prepared through the above operation was stored in the form 
55 of a decane slurry, and a part of it was dried for the purpose of examining composition thereof. 

In the solid titanium catalyst component (B) thus obtained. 2.3 % by weight of titanium, 18 % by weight of 
magnesium, 57 % by weight of chlorine, 16.2 % by weight of diheptyl phthalate, 6.4 % by weight of decane 
and 0.2 % by weight of 2-ethylhexanol (2-ethylhexyl group) were contained. 
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[Polymerization] 

Polymerization of propylene was carried out in the same manner as described in Example 1 except that 
the LSI cata.ys< ~m P °nent (B) was used in place of the solid titamum cata.ys, component (A). 
The results are set forth in Table 1. 

Example 3 

[Preparation of solid titanium catalyst component (C)] 

A solid titanium cata.yst component (C) was prepared in the same manner as described in Example 2 ex- 

magnesium, 58 % by weight of chlorine, 15.5 % by we.ght of diheptyl phthalate. 6.1 /o by we.ght 
and 0.1 % by weight of 2-ethylhexanol (2-ethylhexyl group) were contained. 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as described in Example 1 except that 
the sol!Sum catafyst^mponent (C) was used in place of the solid titanium catalyst component (A). 

The results are set forth in Table 1 . 

Example 4 

[Prepolymerization of solid titanium catalyst component (A)] 

t a Ann mi four necked olass reactor equipped with a stirrer were introduced 100 ml of purified hexane 

^'Afterfe^inTof propylene was competed, the reactor was purged with nitrogen, and a wash* ,g ^operation 

a pre polymerized catalyst (D). 
[Polymerization] 

Tn a 2 liter autoclave was introduced 750 ml of purified n-hexane, and were further introduced I 0.75 mmol 
of - of cyc.ohexy.methyidimethoxysi.ane (CMMS) and 0.0075 mmo. (,n terms of 

elevlted to 7 T-C and kept at the same temperature for 2 hours to perform polymerizafon of propylene. The 
pressure was kept at 7 kg/cm*-G during the polymerization. 
The results are set forth in Table 1. 

Comparative Example 1 

[Preparation of solid titanium catalyst component (E)] 

A homogeneous so.ution was prepared by reacting 95.2 g of a""^™ 8 ™9 ne ^^ 

^ZZZSZ was completed . solid portion was recovered by hot 
18 
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filtration. The solid portion was resuspended in 275 ml of titanium tetrachloride, and the reaction was further 
conducted under heating at 11 0 °C for 2 hours. 

After the reaction was completed, a solid portion was recovered again by hot filtration. The solid portion 
was sufficiently washed with decane of 11 0 °C and hexane until any titanium compound liberated in the solution 

was not detected. . 

The solid titanium catalyst component (E) prepared through the above operation was stored in the form 
of a decane slurry and a part of it was dried for the purpose of examining composition thereof. 

In the solid titanium catalyst component (E) thus obtained, 2.4 % by weight of titanium, 61 % by weight of 
chlorine. 19 % by weight of magnesium, 13.5 % by weight of DIBP. 4.0 % by weight of decane and 0.1 % by 
weight of 2-ethylhexanol (2-ethylhexyl group) were contained. 



[Polymerization] 

Polymerization of propylene was carried out in the same manner as described in Example 1 except that 
the solid titanium catalyst component (E) was used in place of the solid titanium catalyst component (A). 
The results are set forth in Table 1 . 

Table 1 





Activity 


t-l.l. % 


MFRg/10 min. 


Bulk specific 
gravity g/ml 


Melting point 


g-pp/mmol-Ti 


g-pp/g-CaL 


Ex. 1 


34,500 


15,100 


97.0 


4.5 


0.44 


160.7 


Ex.2 


40,600 


19,500 


96.7 


3.8 


0.44 


161.0 


Ex.3 


38,800 


18,600 


96.7 


3.8 


0.44 


160.2 


Ex.4 


36,300 


16.100 


97.2 


5.9 


0.47 


160.6 


Comp. 
Ex. 1 


24,600 


12,300 


98.0 


6.1 


0.46 


160.7 



Comparative Examples 2-4 

The procedures of Example 2 were repeated except that 6.7 ml of di-n-octyl phthalate (f irst grade reagent, 
available from Wako Junyaku K.K.). 6.2 ml of di-n-heptyl phthalate (synthesized in accordance with "New Ex- 
periment Course. Synthesis and Reaction of Organic Compounds (II)", p. 1013) and 6.7 ml of di-2-ethylhexyl 
phthalate (first grade reagent, available from Wako Junyaku K.K.) were used respectively in place of diheptyl 
phthalate to prepare each solid titanium catalyst component 

Polymerization of propylene was carried out respectively in the same manner as in Example 2 except that 
the solid titanium catalyst component each obtained above in place of the solid titanium catalyst component 
(B). 

The results are set forth in Table 2. 
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Table 2 





Phthalic 
diester 
(-R group) 


Activity 


t-l.l. % 


MFR g/10 min. 


Bulk specific 
gravity g/ml 


g-pp/mmol-Ti 


g-pp/g-cat. 


Comp. 
Ex.2 


-octyl 


28,500 


12,500 


96.4 


6.3 


0.43 


Comp. 
Ex.3 


-n-heptyl 


29,200 


12.800 


97.5 


5.1 


0.42 


Comp. 
Ex.4 


-2-ethyl- 
hexyi 


27.600 


12,100 


96.4 


4.5 


0.41 



Example 5 

[Preparation of solid titanium catalyst component <F)] 

A homogeneous solution was prepared by reacting 95.2 g of anhydrous magnesium chloride with 442 ml 
of decane and 390.6 g of 2-ethylhexyl alcohol under heating at 130 °C for 3 hours. To the solution, 22.2 g of 
phthalic anhydride was added, and they were stirred at 1 30 «C for 1 hour to dissolve phthalic anhydride in the 

SO,U The homogeneous solution thus obtained was cooled to room temperature. Then, 33 ml of the solution 
was dropwise added to 80 ml of titanium tetrachloride kept at -20 °C, over a period of 1 hour. After the addition 
was completed, the temperature of the resulting mixture was elevated to 92 °C over a period of 4 hours. When . 
the temperature reached 92 °C, 3.3 ml of the same diheptyl phthalate (mixture of structural isomers) as used 
in Example 1 was added, followed by stirring at the same temperature for 2 hours. After the 2-hour reachon 
was completed, a solid portion was recovered by hot filtration. The solid portion was resuspended .n 110 ml 
of titanium tetrachloride, and the reaction was further conducted under heating at 92 °C for 2 hours. 

After the reaction was completed, a solid portion was recovered again by hot filtration. The solid portion 
was washed with decane of 90 °C, and then further washed at room temperature sufficiently with hexane until 
any titanium compound liberated in the solution was not detected. 

In the solid titanium catalyst component (F) thus obtained, 2.3 % by weight of titanium, 60 % by weight of 
chlorine. 18.5 % by weight of magnesium. 12 % by weight of diheptyl phthalate, 7 % by weight of decane and 
0.2 % by weight of 2-ethylhexanol (2-ethythexyl group) were contained. 



[Polymerization] 

To a 2-liter autoclave was introduced 400 ml of purified n-heptane, and were further introduced 0.4 mmol 
of triethylaluminum, 0.04 mmol of cyclohexylmethyldimethoxysilane (CMMS) and 0.008 mmol (in terms of Ti 
atom) of the solid titanium catalyst component (F) at 40 °C in a propylene atmosphere. 

To the autoclave was furthermore added 1 00 ml of hydrogen at 60 °C. Then, the temperature of the system 
was elevated to 70 °C and kept at the same temperature for 1 hour to perform polymerization of propylene. 
The pressure was kept at 5 kg/cm^G during the polymerization. 

After the polymerization was completed, the resulting slurry containing a solid produced was filtered to 
separate the slurry into a white powder and a liquid portion. 

The yield of the white powdery polymer after drying was 145.9 g. and the boiling heptane extraction residue 
(II) was 97 84 %. This polymer had MFR of 4.2 g/10 min and an apparent bulk specific gravity of 0.41 g/ml. 
Separately, the liquid portion was concentrated to obtain 0.9 g of a solvent-soluble polymer. Accordingly, the 
activity was 18,400 g-PP/mmol-Ti and 8,800 g-PP/g-Cat, and II (t-l.l.) in the whole polymer was 97.2 %. 

The results are set forth in Table 3. 
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Example 6 

[Synthesis of di{2,4-di methyl pent yl) ph thai ate] 



O 




(Commercially available) 

Q (G.W. Kabalka et al.; Tetrahedron Letter, 30 5103 (1989)) 
O O 




® (New Exp. Chem. Course: 14, Synthesis and Reaction of Organic Compounds (H) P. 10 13) 

[Preparation of solid titanium catalyst component (G)J 

The procedures of Example 5 were repeated except that di(2,4-dimethylpentyl) phthalate synthesized 
above was used in place of diheptyl phthalate, to prepare a solid titanium catalyst component (G). 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as in Example 5 except that the solid 
titanium catalyst component (G) was used in place of the solid titanium catalyst component (F). 
The results are set forth in Table 3. 
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Example 7 

[Synthesis of di(5-methy1hexyl) phthalate] 




O (Commercially 
available) 



Et OH Et O-C 

I 

O 



w Li Al H 4 



HO 



©(New Exp. Chem. Course: 14, Synthesis and Reaction of Organic Compounds (II) P.1003) 
© (R.B.Moffett; Org. Synth., IV 834(1963)) 

O o 

© 



CI 
.CI 



+ 2NaO 




O o 
0(New Exp. Chem. Course: 14, Synthesis and Reaction of Organic Compounds (ID P.1013). 



[Preparation of solid titanium catalyst component (H)] 

The procedures of Example 5 were repeated except that di(5-methythexyl) phthalate synthesized above 
was used in place of diheptyl phthalate, to prepare a solid titanium catalyst component (H). 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as described in Example 5 except that 
the solid titanium catalyst component (H) was used in place of the solid titanium catalyst component (F). 
The results are set forth in Table 3. 



22 



EP 0 683 175 A2 



Example 8 

[Synthesis of di(3-methylhexyl) phthalate] 



s COOEt 
NaHC + 

COOEt 



© 



COOEt KOH/MeOH . - , COOH 
COOEt © COOH 



COOH 



© EtOH 



p-toluencsulfonic acid 



COOEt 



Li Al H 4 



OH 



o 



i 

o 




© (New Exp. Chem. Course: 14, Synthesis and Reaction of Organic Compounds (II) P. 101 3) 
©(New Exp. Chem. Course: 14, Synthesis and Reaction of Organic Compounds (II) P. 1003) 
@ (R.B. Moffett; Org. Synth., IV. 834 (1963) 

© (Experim. Manual of Precise Organic Synthesis: P. 162) 

© (New Exp. Chem. Course: 14, Synthesis and Reaction of Organic Compounds (II) P. 935) 
© (Clarkin Patai: "The Chemistry of Carboxyl Acids and Ester" P. 589) 

[Preparation of solid titanium catalyst component (I)] 

The procedures of Example 5 were repeated except that di(3-methylhexyt) phthalate synthesized above 
was used in place of diheptyt phthalate, to prepare a solid titanium catalyst component (I). 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as in Example 5 except that the solid 
titanium catalyst component (I) was used in place of the solid titanium catalyst component (F). 
The results are set forth in Table 3. 

Comparative Examples 5-7 

The procedures of Example 5 were repeated except that 3.6 ml of di-n-octyi phthalate (first grade reagent, 
available from Wako Junyaku K.K.), 3.3 ml of di-n-heptyl phthalate (synthesized in accordance with "New Ex- 
periment Course, Synthesis and Reaction of Organic Compounds (II) - , p. 1013) and 3.6 ml of di-2-ethylhexyl 
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phthalate (first grade reagent, available from Wako Junyaku K.K.) were each used in place of diheptyl phthalate 
to prepare each solid titanium catalyst component. 

Polymerization of propylene was carried out in the same manner as in Example 5 except that the solid 
titanium catalyst component each obtained above was used in place of the solid titanium catalyst component 
5 (F). 

The results are set forth in Table 3. 



Table 3 



10 




rninaiic 
diester 
(-R group) 


Activity 


t-l.l. % 


MFR g/10 min. 


Bulk specific 
gravity g/ml 








g-pp/mmol-Ti 


g-pp/g-Cat. 








15 


Ex.5 


-heptyl 
(mixture) 


18,400 


8,800 


97.2 


4.2 


0.41 




Ex.6 


-2,4-di me- 
thyl pentyl 


15,900 


7,700 


97.1 


O. l 


U.HO 


20 


Ex. 7 


-5-methyl- 
hexyl 


15.000 


6,900 


97.4 


4.7 


0.40 




Ex.8 


- 3- me thy I- 
hexyl 


16,600 


8,000 


97.0 


4.2 


0.42 


25 


Com p. 
Ex. 5 


-octyl 


13,900 


6,100 


96.5 


6.7 


0.40 




Com p. 
Ex.6 


-n-heptyl 


14,400 


6,300 


97.3 


5.5 


0.41 


30 


Com p. 
Ex. 7 


-2-ethyi- 
hexyl 


13,500 


5,900 


96.3 


4.8 


0.40 



35 Examples 9 & 10 

Each solid titanium catalyst component was prepared in the same manner as in Example 5 except that 
the reaction temperature (92 °C) for preparing the solid titanium catalyst component was varied to the temper- 
ature set forth in Table 4, and the polymerization of propylene was carried out in the same manner as in Example 
40 5 except that the solid titanium catalyst component each obtained above was used in place of the solid titanium 
catalyst component (F). 

The results are set forth in Table 4. 



Table 4 



45 




Reaction 
temperature 
<°C) 


Activity 


t-l.l. % 


MFR g/10 min. 


Bulk specific 
gravity g/ml 








g-pp/mmol-Ti 


g-pp/g-Cat. 








50 


Ex. 9 


90 


17,800 


8,500 


97.5 


3.7 


0.41 




Ex. 10 


95 


16,000 


7,400 


97.1 


4.4 


0.43 



55 
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Example 11 

[Preparation of solid titanium catalyst component (J)] 

5 A homogeneous solution was prepared by reacting 4.76 g (50 mmol) of anhydrous magnesium chloride 

with 25 ml of decane and 23.4 ml (150 mmol) of 2 -ethylhexyl alcoho l under heating at 130 °C for 2 hours. To 
the solution, 0.99 ml (7.5 mmol) of n-butyl cellosolve was added, and they were stirred at 130 °C for 1 hour to 
dissolve n-butyl cellosolve in the solution. 

The homogeneous solution thus obtained was cooled to room temperature. Then, the solution was drop- 

10 wise added to 200 ml (1 .8 mol) of titanium tetrachloride kept at -20 °C, over a period of 1 hour. After the addition 
was completed, the temperature of the resulting mixture was elevated to 92 °C over a period of 4 hours. When 
the temperature reached 92 °C, 5.55 ml (15.0 mmol) of the same diheptyl phthalate (mixture of structural iso- 
mers) as used in Example 1 was added, followed by stirring at tfie^aTrieTeTnperature for 2 hours. After the 2- 
hour reaction was completed, a solid portion was recovered by hotf iltration. The solid portion was resuspended 

15 in 200 ml of titanium tetrachloride, and the reaction was further conducted under heating at 92 °C for 2 hours. 

After the reaction was completed, a solid portion was recovered again by hot filtration. The solid portion 
was washed with decane of 90 °C, and then further washed at room temperature sufficiently with hexane until 
any titanium compound liberated in the solution was not detected. 

The solid titanium catalyst component (J) thus obtained was stored in the form of a hexane slurry, and a 

20 part of it was dried for the purpose of examining composition thereof. In the solid titanium catalyst component 
(J) thus obtained, 2.4 % by weight of titanium was contained. 

[Polymerization] 

25 To a 1 -liter autoclave was introduced 400 ml of purified n-heptane. and were further introduced 0.4 mmol 

of triethylaluminum, 0.04 mmol of cyclohexylmethyldimethoxysilane (CMMS) and 0.008 mmol (in terms of Ti 
atom) of the solid titanium catalyst component (J) at 40 °C in a propylene atmosphere. 

To the autoclave was furthermore added 1 00 ml of hydrogen at 60 °C. Then, the temperature of the system 
was elevated to 70 °C and kept at the same temperature for 1 hour to perform polymerization of propylene. 
30 The pressure was kept at 5 kg/cm^G during the polymerization. 

After the polymerization was completed, the resulting slurry containing a solid product was filtered to sep- 
arate the slurry into a white powder and a liquid portion. 

The yield of the white powdery polymer after drying was 146.5 g, and the boiling heptane extraction residue 
(II) was 97.82 %. This polymer had MFR of 2.1 g/10 min and an apparent bulk specific gravity of 0.38 g/ml. 
35 Separately, the liquid portion was concentrated to obtain 0.8 g of a solvent-soluble polymer. Accordingly, the 
activity was 18,400 g-PP/mmol-Ti and 9,300 g-PP/g-Cat, and II (t-l.l.) in the whole polymer was 97.3 %. 
The results are set forth in Table 5. 

Example 12 

40 

[Preparation of solid titanium catalyst component (K)] 

The procedures of Example 11 were repeated except that 1.47 ml (15 mmol) of methyl acetate was used 
in place of n-butyl cellosolve, to prepare a solid titanium catalyst component (K). 
45 In the solid titanium catalyst component (K) thus obtained, 2.5 % by weight of titanium was contained. 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as in Example 11 except that the solid 
so titanium catalyst component (K) was used instead of the solid titanium catalyst component (J). 
The results are set forth in Table 5. 

Example 13 

55 [Preparation of solid titanium catalyst component (L)] 

The procedures of Example 11 were repeated except that 1.12 ml (15 mmol) of propionic acid was used 
in place of n-butyl cellosolve. 

25 
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In the solid titanium catalyst component (L) thus obtained, 2.3 % by weight of titanium was contained. 
[Polymerization] 

5 Polymerization of propylene was carried out in the same manner as in Example 11 except that the solid 

titanium catalyst component (L) was used instead of the solid titanium catalyst component (J). 
The results are set forth in Table 5. 

Comparative Example 8 

10 

[Preparation of solid titanium catalyst component] 

The procedures of Example 11 were repeated except that 5.98 ml (15 mmol) of di-n-octyl phthalate was 
used in place of diheptyl phthalate, to prepare a solid titanium catalyst component. 
15 In the solid titanium catalyst component thus obtained, 2.0 % by weight of titanium was contained. 

[Polymerization] 

Polymerization of propylene was carried out in the same manner of Example 11 except that the solid tita- 
20 nium catalyst component obtained above was used in place of the solid titanium catalyst component (J). 
The results are set forth in Table 5. 

Comparative Example 9 

25 [Preparation of solid titanium catalyst component] 

The procedures of Example 11 were repeated except that 5.49 ml (15 mmol) of di-n-heptyl phthalate was 
used in place of diheptyl phthalate, to prepare a solid titanium catalyst component. 

In the solid titanium catalyst component thus obtained, 2.1 % by weight of titanium was contained. 

30 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as in Example 11 except that the solid 
titanium catalyst component obtained above was used in place of the solid titanium catalyst component (J). 
35 The results are set forth in Table 5. 

Comparative Example 10 

[Preparation of solid titanium catalyst component] 

40 

The procedures of Example 11 were repeated except that 1.47 ml (15 mmol) of methyl acetate was used 
in place of n-butyl cellosolve and 5.98 ml (15 mmol) of di-n-octyl phthalate was used in place of diheptyl phtha- 
late, to prepare a solid titanium catalyst component. 

In the solid titanium catalyst component thus obtained, 2.4 % by weight of titanium was contained. 

45 

[Polymerization] 

Polymerization of propylene was carried out in the same manner as in Example 11 except that the solid 
titanium catalyst component obtained above was used in the place of the solid titanium catalyst component 
50 (J). 

The results are set forth in Table 5. 

Comparative Example 11 

55 [Preparation of solid titanium catalyst component] 

The procedures of Example 11 were repeated except that 1.12 ml (15 mmol) of propionic acid was used 
in place of n-butyl cellosolve and 5.98 ml (15 mmol) of di-n-octyl phthalate was used in place of diheptyl phtha- 
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[Polymerization] 

titanium catalyst component obtained above was useu w 
The results are set forth in Table 5. 



10 








laDie o 










Phthalic 
diester 
(-R group) 


donor (D-2) 


Activity 


l— I.I. /o 


MFR a/10 min. 


Bulk specific 
gravity g/mi 


15 






g-pp- 
/mmol-Ti 


n - o d/q- Cat. 






_ 




Ex.11 


-heptyl 
(mixture) 


Butyl 
cellosotve 


18,400 


9,300 


97.3 


2.1 


0.38 


2v 


Comp. Ex. 8 


-n-octyl 


Butyl 
cellosolve 


15,600 


6,500 


96.2 




0.38 




Comp. Ex. 9 


-n-heptyl 


Butyl 
cellosolve 


15,100 


6,600 


96.8 


4.3 


0.38 


25 


Ex.12 


-heptyl 
(mixture) 


Methyl 
acetate 


15,700 


8,200 


97.6 


2.5 


0.33 




Comp.Ex.10 


-n-octyl 


Methyl 
acetate 


13,400 


6,700 


96.9 


4.8 


0.33 


30 


Ex.13 


-heptyl 
(mixture) 


Propionic 
acid 


15,800 


7.600 


97.5 


3.3 


0.41 




Comp.Ex.11 


-n-octyl 


Propionic 
acid 


12,700 


6,100 


96.7 


5.9 


0.41 



Claims 



« 1 A solid titanium catalyst component for olef in polymerization comprising: 

S^^SEA the fo,,owin9 s,ructural formu,a (i>: 
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o 



COOR 
COOR 



(i) 



serein R is a branched hydrocarbon group of 7 carbon atom, and two of R may be the same as or dif- 
ferent from each other. 

2 . T.esolidtitaniumcatalys.^ 
other than the phthalic diester. 
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